By incorporating quantum aspects of gravity, Loop Quantum Cosmology (LQC) provides a selfconsistent extension of the inflationary scenario, allowing for modifications in the primordial inflationary power spectrum with respect to the standard General Relativity one. We investigate such modifications and explore the constraints imposed by the Cosmic Microwave Background (CMB) Planck Collaboration data on the Warm Inflation (WI) scenario in the LQC context. We obtain useful relations between the dissipative parameter of WI and the bounce scale parameter of LQC. We also find that the number of required e-folds of expansion from the bounce instant till the moment the observable scales crossed the Hubble radius during inflation can be smaller in WI than in CI. In particular, we find that this depends on how large is the dissipation in WI, with the amount of required e-folds decreasing with the increasing of the dissipation value. Furthermore, by performing a Monte Carlo Markov Chain analysis for the considered WI models, we find good agreement of the model with the data. This shows that the WI models studied here can explain the current observations also in the context of LQC.
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I. INTRODUCTION
In the last years we have witnessed the release of a large amount of precision data, from the Cosmic Microwave Background (CMB) [1, 2] to large scale structures [3] [4] [5] , including Barionic Acoustic Oscillation data [6, 7] , both strong and weak lensing [8] [9] [10] , galaxy cluster number counts [11, 12] and so on, up to gravitational waves detections [13] [14] [15] . This has allowed us to obtain valuable information about the nature and the evolution of the universe, as well as the mechanisms operating at the very early times (see, e.g., refs. [16] and [17] ). The current paradigm for the cosmology of the early universes is inflation, which besides of solving the problems of the standard Big Bang cosmology, provides a causal explanation for the origin of the CMB anisotropies and the largescale structure of the universe [18] (see also ref. [19] ). The inflationary scenario was developed long before accurate data were available, which makes it a very predictive scenario. However, the recent CMB data imposed a big challenge for some classes of inflationary models by putting severe constrains on many of them [20] .
The description of inflation can be classified in two scenarios according to the dynamics of the inflaton field. In the Cold Inflation (CI) scenario, interactions of the inflaton with other field degrees of freedom are not enough to counter balance the dilution of any possible pre-existing or newly formed radiation and the universe super freezes. Density perturbations are originated as quantum fluctuations of the inflaton field [21] . In the Warm Inflation * Electronic address: benettim@na.infn.it † Electronic address: leilagraef@if.uff.br ‡ Electronic address: rudnei@uerj.br (WI) scenario [22] (see also refs. [23, 24] for reviews), on the other hand, the interactions of the inflaton with other field degrees of freedom (and also among the latter) can be sufficient to produce a quasi-stationary thermalized radiation bath throughout inflation. The primary source of density fluctuations in this case can come entirely from thermal fluctuations originated in the radiation bath and transported to the inflaton field as adiabatic curvature perturbations [25] [26] [27] [28] [29] . In the WI picture, the presence of nontrivial dynamics, accounting for dissipative and stochastic effects, cause a significant impact on the usual observational quantities like in the tensor-to-scalar ratio, r, the spectral index, n s , and the non-Gaussianity parameter, f N L [30] [31] [32] [33] [34] [35] . Due to these modifications, some classes of inflaton potentials excluded in the CI context by the data can be rehabilitated in the WI context, as it is the case of the monomial chaotic potentials for instance. In the WI scenario the coupling between the inflaton and other fields might be strong enough to lead to a significant radiation production rate, while still preserving the expected flatness of the inflaton potential. The radiation production during WI can compensate for the supercooling of the universe observed in CI, thus making possible for a smooth transition from the inflationary accelerated expansion to the radiation dominate phase, without the need or a presence of a (pre)reheating phase following the end of the inflationary regime.
One important aspect to point out is that the WI scenario, as is also true for the CI one, they are both sensitive to the ultraviolet (UV) physics, and their successes are tightly dependent on the understanding of such UV physics in general. Inflationary space-times inherit the big-bang singularity. Physically, this occurs because one continues to use General Relativity (GR) theory even in the Planck regime where it is supposed not to be applicable. It is widely expected that new physics in this regime will resolve the singularity, significantly changing the very early history of the universe. One of the possible scenarios that takes into account a new physics in this high energy regime is Loop Quantum Gravity (LQG), which is believed to be a possible candidate for a quantum theory of gravity (see, e.g., refs. [36] [37] [38] [39] [40] for some recent reviews). Loop Quantum Cosmology (LQC) arises as the result of applying principles of LQG to cosmological settings (see, e.g., refs. [38] [39] [40] for recent reviews). In LQC the quantum geometry creates a brand new repulsive force, which is totally negligible at low space-time curvature but rises very rapidly in the Planck regime, overwhelming the classical gravitational attraction. In cosmological models, Einstein's equations undergo modifications in the Planck regime. For matter satisfying the usual energy conditions, any time a curvature invariant grows to the Planck scale, quantum geometry effects dilute it, resolving singularities of the GR [41] [42] [43] . These quantum gravitational effects are expected to dominate the Planck era of the universe causing a quantum bounce to appear and that replaces the classical big bang singularity. Usually, in these scenarios, the matter content of the very early universe is assumed to be dominated by a massive scalar field (the inflaton), φ, and shortly after the bounce, quantum gravity effects gradually lessen such that the potential energy V (φ) begins to prevail, starting the inflationary phase. Therefore, LQC provides an interesting arena to incorporate the highest energy density and curvature stages of the universe into cosmological models, where questions about Planck-scale physics and initial conditions for inflation can be addressed [44] .
Cosmological perturbations are generally described by quantum fields on classical, curved space-times. However this strategy cannot be trivially justified in the quantum gravity era, when curvature and matter densities are of Planck scale. Nevertheless, using techniques from LQG, the standard theory of cosmological perturbations was extended to overcome this limitation [45] . The dressed metric approach [45] [46] [47] [48] is able to provide this extension, while having the advantage of allowing ones to describe the main perturbation equations in a form analogous to the classical one [45, 48] . Also, the pre-inflationary evolution makes scalar and tensor perturbations reach the onset of inflation in an excited state [47] , so that the primordial spectra that source the CMB anisotropies acquire extra features with quantum gravitational origin from the pre-inflationary era.
Previous studies on both CI and WI in the context of LQC showed interesting features regarding properties of the pre-inflationary phase and the start of inflation itself [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] . In the present work we focus for the first time on the problem of confronting the observational predictions of WI in LQC with the latest CMB data. By accounting for the modifications of the spectrum of primordial perturbations resulted from the LQC, we compute the number of extra e-folds required in this model for it to be compatible with the observations and put constraints on the LQC parameters when in the WI context. Finally, we focus on analyzing the relation of these characteristic parameters of LQC with the dissipative parameter of WI. This paper is organized as follows. In section II we describe the theoretical context of the WI scenario in LQC, deriving the equations we use in our analysis. The method and observational dataset are discussed in section III, where we also present and discuss our results. Finally, in section IV we summarize our conclusions.
II. THEORETICAL CONTEXT
In this section we briefly review some of the most relevant aspects of LQC and WI, then showing the expressions for their observables in the WI scenario in LQC, which will be considered in our analysis in the next section.
A. Loop Quantum Cosmology dynamics
The spatial geometry in LQC is encoded in the volume of a fixed fiducial cubic cell, rather than the scale factor a, and is given by
where V 0 is the comoving volume of the fiducial cell, γ is the Barbero-Immirzi parameter of LQC, whose numerical value we set as given by γ 0.2375 [59] , and
GeV is the reduced Planck mass. The conjugate momentum to v is denoted by b and it is given by b = −γP (a) /(6a
, where P (a) is the conjugate momentum to the scale factor.
The solution of the LQC effective equations implies that the Hubble parameter, H, can be written as
where λ = √ 3γ/(2M 2 Pl ) and b ranges over (0, π/λ). The energy density, ρ, relates to the LQC variable
. Then, the Friedmann's equation in LQC assumes the form [60] ,
3)
. For ρ ρ cr we recover GR as expected. The above expression holds independently of the particular characteristics of the inflationary regime. We can see from eq. (2.3) that the singularity is replaced by a quantum bounce for H = 0, when the density reaches the critical value ρ cr .
In addition to the modifications at the background level from LQC, at the perturbative level some of the relevant modes have physical wavelengths comparable to the curvature radius at the bounce time. Unlike what happens in the CI scenarios in GR, where it is usually assumed that the pre-inflationary dynamics does not have any effect on modes observable in the CMB, in LQC the situation is different. Using techniques from LQG, the standard theory of cosmological perturbations can be extended to encompass the quantum gravity regime, allowing to describe the main perturbation equations in a form analogous to the classical one [45] . Also, modes that experience curvature are excited [61] , i.e., large wavelength modes are excited in the Planck regime that follows the bounce. The main effect at the onset of inflation is that the quantum state of perturbations is populated by excitations of these modes over the Bunch-Davis vacuum, changing the initial conditions for perturbations at the onset of inflation [47] . As a consequence, the scalar curvature power spectrum in LQC gets modified with respect to GR, such that it can be written as (see, e.g., ref. [58] for more details and for a complete derivation)
with α k and β k are the Bogoliubov coefficients (where the pre-inflationary effects are codified) and ∆ GR R is the GR form for the power spectrum.
The above eq. (2.4) can be parameterized as
where the factor δ P L is scale (k-)dependent and takes into account the LQC corrections. It is explicitly given by [58] 
where
and the index B in the quantities indicates that they are calculated at the bounce. In particular, η B is the conformal time at the bounce and k B = √ ρ c a B /M Pl is a characteristic scale also at the bounce. The term cos(2kη B + ϕ k ) in eq. (2.6) oscillates very fast, so it has negligible effect when averaging out in time. Then, for any practical purpose, in observable quantities the factor δ P L can be simply considered as being given by
Since this pre-factor represents the effects of the preinflationary dynamics, it has the same expression both in CI and also in WI models.
Likewise, the tensor spectrum in the LQC can be written as [58] 
where ∆ GR T (k) is the tensor spectrum in GR. We denote the number of e-folds for the relevant scales at Hubble crossing as N * ≡ ln(a end /a * ) ≈ 60, where a end is the scale factor at the end of inflation and all quantities with subscript * are evaluated when the mode crosses the horizon at k * = a * H * . In LQC, in addition to the usual number of e-folds at Hubble crossing N * , it is necessary an extra amount of e-folds, δN , in order for the predictions from the model to be consistent with observations [58] . This is so because, as seen from eq. (2.5), after the effects of the pre-inflationary dynamics from LQC are taken into account, the power spectra are generically scale-dependent through the correction δ P L , eq. (2.8), and also exhibits oscillatory features 1 . As a consequence, in CI in order to be consistent with observations, the universe must have expanded at least [58] around 21 e-folds from the bounce till Hubble radius crossing of the observables scales, such as to allow for these scale-dependent features to get sufficiently diluted away and not spoiling the perturbation spectra of CMB (see also ref. [63] and references therein for a discussion about these and other LQC effects).
The total number of e-folds of expansion from the moment of the bounce till today, N tot , is related to the LQC parameter k B through the equation [58] ,
We note that, assuming an upper bounds on k B as set by eq. (2.10), it can be translated into constraints on the total number of e-folds. This, in turn, leads to a lower bound on the extra number of e-folds of inflation required in LQC, since δN > N tot − N * − N after , where N after ≡ ln(a 0 /a end ). As usual, we consider N * ≈ 60 ≈ N after , such that δN > N tot − 120.
In this work, we analyze the δN value required in the WI models in LQC. For this, we use the constrains on k B for WI in LQC together with eq. (2.10) above. We also compare the results for δN in CI and WI, when both are constructed in the LQC context. Let us firstly review the scenario of WI in what follows.
B. The warm inflation scenario
In WI dynamics the presence of radiation plays an important role. Therefore, we must take into account explicitly this component such that the total energy density in eq. (2.3) is given by
with the inflaton field, φ, and the radiation energy density, ρ R . In this work we consider the monomial quartic chaotic potential for the inflaton, 12) where Λ/M 4 Pl denotes here the (dimensionless) quartic coupling constant. The background evolution equations for the inflaton and for the radiation energy density, are given, respectively, bÿ 14) where Υ(φ, T ) is the dissipation coefficient in WI, which can be a function of the temperature and/or the background inflaton field. The dissipation coefficient embodies the microscopic physics involved in the interactions between the inflaton and the other fields (and also among these), accounting for the non-equilibrium dissipative processes arising from these interactions [23, 64] . For a radiation bath of relativistic particles, the radiation energy density is given by ρ R = π 2 g * T 4 /30, where g * is the effective number of light degrees of freedom (g * is fixed according to the dissipation regime and interactions form used in WI).
In our work we consider two different dissipation regimes, namely with the dissipation coefficient showing a cubic and linear dependence with the temperature of the thermal bath, which represent the most common functional dependences derived from previous model building in WI. For instance, the dynamics leading to the dissipation coefficient with a cubic form emerges in the low temperature regime of WI, in which the inflaton is coupled to heavy intermediate fields, and those are in turn coupled to the light radiation fields. The decay of the heavy intermediate fields into the light radiation bath fields produces a dissipation coefficient with a cubic dependence on the temperature of the thermal radiation bath produced, such that the resulting dissipation coefficient can be well described by the expression [23, 64, 65] 
where C cubic is a dimensionless parameter that depends on the interactions among the different fields in the model [23, 64] . Hereafter, we refer to the above Υ cubic as the cubic dissipation coefficient.
The second dissipation regime we consider is obtained in a particle physics model in which the inflaton directly couples to the radiation fields and gets protection from large thermal corrections due to the symmetries obeyed by the model [66] . The resulting dissipative coefficient is linear in the temperature being simply given by 16) where here also C linear is a dimensionless parameter that depends on the specific interactions of the model (see, e.g., ref. [66] for details). Hereafter, we refer to the above Υ linear as the linear dissipation coefficient. The primordial power spectrum in WI can be strongly influenced by the presence of dissipative effects (for WI effects at the perturbation level see also refs. [27, 28, 32, 33] ) and can be parameterized as
where we have defined
, which is the usual CI result, while F(k/k * ) corresponds to the enhancement term in WI [34] 
where n * denotes the inflaton statistical distribution due to the presence of the radiation bath, G(Q * ) accounts for the growth of inflaton fluctuations due to its coupling with the radiation fluid and the quantity Q * is the ratio
We note that G(Q * ) can only be determined numerically by solving the full set of perturbation equations of WI [27, 28] . According to the method of the previous works, we use a numerical fit for G(Q * ) [ As also considered in previous works, we here are going to assume a thermal equilibrium distribution function n * ≡ n k * for the inflaton such that it assumes the BoseEinstein distribution form, n * = 1/[exp(H * /T * )−1]. The scalar spectral amplitude value at the pivot scale is set by the CMB data as ∆ R (k = k * ) 2.2 × 10 −9 . The quantities in the primordial power spectrum of eq. (2.17) are then evaluated when the relevant CMB modes cross the Hubble radius around N * ≈ 50 − 60 efolds before the end of inflation. In this work we consider N * = 60 for definiteness.
The tensor-to-scalar ratio r and the spectral tilt n s in WI follow the usual definitions, as in the CI scenario,
and
is the tensor power spectrum. Due to the weakness of gravitational interactions, the tensor modes are expected not to be significantly affected by the dissipative dynamics and ∆ T is unchanged compared to the CI result [34] .
C. Warm Inflation in LQC
In the previous subsection we have considered the dynamics as in the standard GR case, thus neglecting the LQC corrections to the Friedmann's equation (2.3). These corrections, at the background level, are important much before inflation sets in, when the energy densities are very high. As we showed previously, the consequent dynamics leads to a bounce phase, both in CI and in WI. After the bounce, during the expansion, the energy densities decreases such that at the onset of WI the energy densities are much smaller than the critical density, ρ * ρ cr 258.58 × M
4
Pl and quantum effects on the geometry from LQC can be neglected in principle. However, although this is valid at the background level, the same is not true at the perturbative level and the power spectrum can receive important contributions due to LQC, as we already discussed in the previous section. By including the correction from LQC, eq. (2.5), in the WI result eq. (2.18), it is equivalent of modifying the enhancement term F(k/k * ) of eq. (2.18), such that
where 25) which is equivalent to changing the vacuum state of the excited particles due to the LQC correction term δ P L . Noteworthy, the correction term δ P L (see eq. (2.8)) affects both the scalar and tensor perturbations, i.e. the GR result for the tensor perturbations ∆ T = 2H
, gets now modified to eq. (2.9). Although this modification does not lead to a change in the tensorto-scalar ratio value in the CI in the LQC case, it change r in the WI in the LQC case since the factor (1 + δ P L ) in eq. (2.9) does not simplify with the one appearing in the scalar case through eq. (2.24).
III. ANALYSIS AND RESULTS
Let us describe in this section our strategy used in the analysis and the results we obtain following it.
A. Strategy for the analysis
To perform our analysis, we consider a minimal ΛCDM model and modify the standard primordial power-law spectra following the above equations for the WI in LQC, i.e, parameterizing the scalar primordial spectrum as eq. (2.24), and likewise dealing with the tensor spectrum, eq. (2.9). Therefore, we vary the usual cosmological parameters, namely, the physical baryon density, Ω b h 2 , the physical cold dark matter density, Ω c h 2 , the ratio between the sound horizon and the angular diameter distance at decoupling, θ, and the optical depth, τ . In addition, we have one more parameter, k B /a 0 2 , which is related to the effects of the pre-inflationary dynamics due to LQC and that appears explicitly in the expression for δ P L , eq. (2.8).
Noteworthy, when we analyze the WI scenario, we do not use the primordial parameters A s , n s and r, respectively the scalar amplitude, the spectral index and the tensor-to-scalar-ratio, as free parameters in our analysis. Both P 0 (k/k * ) and F(k/k * ) of eq. (2.24) (and similarly for the tensor case) are obtained numerically for the studied models by solving the background equations for the WI in LQC (for simplicity, we refer to the model hereafter as WI+LQC) for different values of the the dissipation ratio Q * [35] . These values are calculated for the scales leaving the Hubble radius in an interval ∆N = 5 around the value of N = 60 for which we assume that the pivot scale crosses the horizon, and P 0 (k/k * ) is normalized to the amplitude value of the standard ΛCDM model [67] in each model we consider 3 . We note that the dissipation ratio Q * , the temperature ratio T * /H * and the amplitude P 0 (k/k * ) of eq. (2.24) are of power-law form with the scale for the considered potential in both the dissipation regimes we studied here. Hence, we can approximate them in our analysis with a power-law fitting without loss of information. In our analysis we also vary the nuisance foreground parameters [1] and consider purely adiabatic initial conditions. The sum of neutrino masses is fixed to 0.06 eV and we consider for the pivot k * = 0.002 Mpc obtaining the required parameterizations of eqs. (2.9) and (2.24), for different values of the dissipation ratio Q * . Then, we use a modified version of the CAMB [71] to compute the theoretical CMB anisotropies spectrum in the WI+LQC context using such parameterizations and then employ a Monte Carlo Markov Chain analysis via the publicly available package CosmoMC [72] in order to compare these theoretical predictions with observational data. We choose to use the latest release of Planck data (2015) at both low and high multipoles [1] (hereafter CMB), considering also the B-mode polarization data from the BICEP2 Collaboration [73, 74] to constrain the parameters associated with the tensor spectrum, using the combined BICEP2/Keck-Planck likelihood (hereafter BKP).
B. Results
Let us start analyzing the case of CI in LQC. In this case we use the eqs. (2.5) and (2.9) in the CAMB code, also considering the standard free parameters A s , n s and r in our analysis. Our results are shown in table I and, starting from the upper value of k B , we can calculate the required extra number of e-folds in CI + LQC (see eq. (2.10)). We obtain δN 21 at 1σ, or δN 20.4 in 2σ. These values are found to be in good agreement with previous results obtained by the authors of ref. [47, 58] .
Focusing now at the WI+LQC model, we use the parameterizations discussed in the previous subsection. Hence, we make an accurate analysis by selecting several models with different Q * values, then perform an Monte Carlo Markov chain (MCMC) analysis in order to constrain the k B value. Let us stress again that in this case we do not use the standard free parameters n s and r in our analysis, which instead are explicitly computed and they are fixed by the chosen value of Q * as reported in table II, where we show the results of our analysis for both cases of linear and cubic dissipation regimes for the selected models. For simplicity, we do not report in the table II the values of the other cosmological parameters since they are in fully agreement with the ones of the standard model [67] . We can note a very striking behavior of k B with Q * , i.e., the upper limit of k B increases with Q * in both the considered regimes, with more pronounced growth in the linear dissipative regime. This is also illustrated in fig. 1 , where we show the 1-σ and 2-σ regions for these parameters through the shaded areas for both the dissipation cases studied here.
Let we stress that for Q * → 0 the value of k B tends to the one obtained in CI, as expected. Furthermore, the behavior of increasing values of k B with Q * is also foregone for other forms for the inflaton potential or other forms for the dissipation coefficient in general. This is expected because the presence of dissipation always tend to damp oscillatory features in the spectrum, thus pushing the bound on k B to larger values. Larger allowed values of k B in this case are potentially important in the LQC case, by allowing the bounce to happen closer to the point N * , where the physical scales crossed the Hubble radius, in the universe evolution.
We can now infer for the WI+LQC models studied above which are the extra number of e-folds required, from the bounce instant till the moment the physical scales crossed the Hubble radius during inflation at N * , using the values of k B constrained in our analysis and the relation given in eq. for the model with lowest value of Q * (Q * = 4 × 10 −6 ). These values are similar to the ones obtained in the cubic dissipative case, where we find δN ≥ 19 e-folds in 1σ (δN ≥ 18 in 2σ) for Q * = 3.3 × 10 −2 and δN ≥ 20 (δN ≥ 19.7 in 2σ) for Q * = 8 × 10 −5 . We can note that the higher dissipation values require the least extra number of e-folds from the bounce till N * . As a consequence, the LQC bounce in the WI case can happen relatively later (closer to N * ) than in the CI + LQC case, and still allowing the modifications in the spectra (scalar and tensorial) of perturbations to be consistent with observations.
In order to further see the effects of the WI+LQC in the observables, we show the primordial power spectrum of WI+ LQC for two particular models considered in table II. In fig. 2 we have thus chosen to use the model with Q * = 1.02 for the linear dissipative regime, shown in the panel (a), and the case with Q * = 0.006 for the cubic dissipative regime, shown in the panel (b). We can note that WI with LQC correction (dashed and dotted lines, respectively, obtained using the upper limit values of k B at 1-σ and at 2-σ) increases the power at lower values of k, i.e., for large scales, with respect to the simplest WI model (solid line). This behavior is also clear in fig. 3 , where we show the temperature anisotropy power spectrum of CMB for the the best fit model values, for the same cases as before, with respect to the CI+LQC model. For the k B parameter, we use the values obtained at 1-σ and at 2-σ that were reported in table I and table II, for the CI+LQC and WI+LQC cases, respectively. We can note the lower power at low multipoles of the WI+LQC models with respect to the CI+LQC case. The LQC correction to the primordial spectrum thus tends to produce more power at low multipoles of CMB the larger is k B . Taking into account the lower sensitivity of the data in such a region, the differences between the spectra using the best fit values do not lead to a significant difference in the χ 2 values, they are about the same in all the cases considered and, thus, we are not showing them explicitly here. Hence, despite the non-trivial modifications in the power spectrum due to the presence of dissipation in addition to the presence of a pre-inflationary dynamics from LQC, our analysis shows that the WI model can explain the current observables also in the context of LQC. At the same time, we can see bounds on the k B value from the LQC correction to the spectra that allow for a larger variation (or freedom) than in the case of CI+LQC.
IV. CONCLUSIONS
In this work we have considered the warm inflationary scenario in the context of LQC. The modifications in the standard spectrum due to the pre-inflationary dynamics of LQC and also due to the presence of dissipation during inflation, were examined in the light of the legacy Planck data (2015) .
A noteworthy result we get in our analysis is that the upper limit in the value of the LQC parameter scale k B increases with the value of the dissipative ratio Q * in both dissipative regimes that we have analyzed in this paper. Let us recall that models with higher values of Q * (Q * 1) have the potential advantage of allowing subPlanckian initial values for the inflaton field excursion in the WI scenario [75] . Correspondingly, this would lead to models which allow higher values of the LQC parameter scale k B , pushing the bounce point closer to the point N * where the relevant physical scales crossed the Hubble radius in the universe history. By making the quantum bounce happen closer to N * , it can potentially make it be observable through future CMB precision measurements.
We found that in WI, the bounce can happen at least δN * ≥ 17 e-folds before N * and the modifications in the perturbation spectra still to be consistent with the recent observations. This result can be compared with the one obtained for CI in LQC, δN * ≥ 21. An additional result obtained from our analysis is that models with higher dissipation requires smaller δN values. Therefore, WI in LQC requires less extra number of e-folds than CI in LQC. Since it has been suggested in the literature [75] that models with higher values of dissipation can be viable (see also ref. [76] for a recent explicit realization of such a WI scenario), this opens the possibility for a much closer beginning for the quantum bounce in these WI models. 
